Soil investigation -- Kahaluu Colony Village Phase II, Heeia, Oahu, Hawaii by Schreuder, Donald L. & Lawson, Robert T.
)· 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
HAROJNe, MILLER, LAWSON & ASS.OCIATES 
.fEB J- ,_: ·• 
SOIL INVESTIGATION 
KAHALUU COLONY-VILLAGE PHASE II 
HEEIA, OAHU, HAHAII 
:f~-A~: 4-1:.. o4< 10 
. (;tr~\ t\, P(..rmi ~ No. tf'f 7 5 
ID.fi..&A Job No. 3902,001.06 
Prepared for 
Ahuimanu Investment Company 
Suite 200, Halau Building 
International Market Place. 
Honolulu, Hawaii 96815 
by 
~/~~ 
Donald L. Schreud~ 
Civil Engineer - 2531 (Havn3.ii) 
. 8d.J~~~ 
Robert 'I;. Lawson, 
Civil Engineer - 2555 (Hav-1aii) 
Harding, Ivlil1er, La\vson & Associates 
1259 South Beretania Street 
Honolulu, Hawaii 96814 
-1'A11a·? 
tr) 
Hti 
No JiY 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
HARDING, MILLER,. LAWSON & ASSOCIATES 
I INTRODUCTION 
This re:port presents the results of the soil investigation we 
perfor:med for the Kahaluu Colony Village Phase II, Heeia, Oahu,· 
Hawaii. 
ThE:! development, as shown on the S:i.te Plan;. Plate 1, is north~ast 
.of the Kahekili Highway and is north and east of the Ahuimanu commer-
cial site. We have performed. a soil•investigation for the Ahuimanu 
commercial site and infopnation from that WOJ:'k was used to supplement 
data obtained during this investigation (some underdrainage and depth 
of soft soils from the commercial site work are also shown on Plate 1). 
The development will include approximately 118 units (two-story) 
with adjacent access roads and parking areas. A concrete drainage 
channel is to be built along the Kahekili Highway to replace the 
existing drainage ditch. Federal Housing Authority financing is 
planned for the project. 
The site is a so~acre parcel characterized by steep low hills 
of volcanic origin. The·grading will include placing apd compacting 
about. one million yards of fill material v.Thich v.rill come from the 
adjacent hills. Cut slopes will generally range between 40 and 60 
feet in vertical height; however, a large cut slope along the east 
edge of the site will be about 100 feet high. Fills will be terraced 
and the slopes will be relatively lm·1 as a consequence. Plans call 
for all slopes to be two horizontal to one vertical with 10-foot wide 
benches every 15 feet of elevation. 
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HARDING, MILLE'R, LAW.SON & ASSOCIATES 
II SCOPE 
The scope of our investigation was to develop 
1. Recommendations for general site preparation and 
grading with rega:rd to 
C!. Excavation dif.ficul ties, if any 
b. Proper placement of fill material and. required 
degree of compaction 
c. Stability of planned cut and fi'Il slopes 
· 2. Sui table building foundation types, including soil 
criteria necessary for design · 
3. Recommendations regarding surface and subsu:rface 
drainage 
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HARDING, MILLER; LAWSON & ASSOCIATES 
III FIELD EXPLORATION A..ND LABORATORY TESTS 
A. Field Exploration 
Subsurface conditions at the site were explored by drilling 
16 te~t borings 14 to 89 feet in depth using rotary wash equipment; 
anc:l by digging four test pits with backhoe equipment to depths of 
5 to 10 feet. The locations of the. borings and pj, ts are shmm on 
Plate 1. 
The field exploration was performed under the ful.l-time super-
,vision of our field ensineer who logged the borings and pits and 
obtained undisturbed samples for laboratory testing. The logs of 
the test borings and pits are presented on Plates 3 through 20 in 
Appendix A. The soils are classified in accordance with the Unified 
Soil Classification System presented on Plate 21. 
B. Laboratory Testing 
Selected samples (some of which were remolded) were tested in 
our laboratory·to determine their moistUre content, dry density, 
strength, con:tpressibility, expansion potential, classification, and 
compaction characteristics. The laboratory test results are pre-
sented on the boring logs adjacent to the sample tested, as 
explained b.y the Key to Test Data, Plate 21. Test results of 
consolidation, classification, compaction, and triaxial compression 
tests are presented on Plates 22 through 29. 
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HARDING, .MILLER, LAWSON & ASSOCIATES 
IV SUBSURFACE CONDITIONS 
The site is blanketed by a varying thickness of red, brown, 
and gray silt that is low in density, high in moisture content; has 
moderate strength, and is slightly compressible. The·silty soils 
change volume with changes in moisture content and they exhibit 
moderate expansion :eressures under low confining pressures (remolded 
specimens compacted to 90 percent relative compaction swelled about 
5 to 10 percent from anticipated .field moisture content to satura-
timi at 100 psf confining pressure). The silt is a result of 
weathering of the underlying volcanic tuff rock that \.vas encoun-
tered in the borings at depths between 1 and 63 feetbelow the 
existing surface. In Boring 1 (the area of the high cut slope} 
:gray basalt ~.;as encountered at a depth of 85 feet. 
Ground water was generally not encountered in borings located 
in the higher areas (ridge tops and upper valleys). Irt the lower 
areas, stable ground-water levels were measured in the borings 
between 4 and 28 feet belovl the existing surface. The depth to 
the stabilized ground-water level at each boring location (if 
ground water wasencountered) is indicated on the boring logs. 
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HARDING, JI.IIILLER, LAWSON & ASSOCIATES 
V SUMMARY OF CONCLUSIONS 
Based OI1 the results of our investigation, our p:t:incipal 
conclusions are as follows:. 
1. Difficult excavation is not anticipated. Most 
excavated material will be suitable for compacted 
fill; however, it \"lill be difficult or impossible 
to achieve the required compaction in wet weather. 
2. Cut and fill slopes, as planned, will have a 
minimum factor of safety against overall failure 
of 1.5. Slopes should he planted to minimize 
·erosion. Nevertheless, some sloughing and erosion 
should be anticipated and provisions should be 
made for future slope maintenance. 
3. Buildings can be supported on spread foundations. 
Postconstruction settlement of buildings due to 
structural and fill loads will be less than one 
inch. 
4. The silty soils are moderately expansive and 
special treatrnent of the floor slab and drivevmy 
subgrades will be required. 
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HARQING, MILLER, LAWSON & ASSOCIATE$ 
. VI RECO.I:-ii.VIENDATIONS 
A. Site Preparation and Grading 
1. Stripping and Re<;ompaction 
In areas to be graded all trees, brush and other vegetation 
should be reinoved. The depth of stripping to remove soil containing 
roots and vegetation will generally be two to four inches; however, 
deeper stripping may be required in the bottoms of valleys and 
gullies. 
After stripping, all areas to be graded should be scarified 
to a depth of six inches, moisture conditioned as necessary for com-
paction, and compacted to at least 90 percent of the maximum density 
determined by the ASTI'-1 DlS57-66T (C) test method. 
2.. Subdrains 
Subdrains should be provided in the locations .indicated on 
Plate 1. In addition, if seepage is encountered or anticipated, 
subdrains may be required in other locations as the grading work 
progresses. Subdrains should consist of free-draining crushed rock 
and perforated pipe as indicated on Plate 2, Typical Drainage 
Details. Subdrains should discharge into the ·surface drainage 
channels, storm drains, or other suitable gravity discharge points. 
The final location and extent of subdrains should be made in the 
field by the soil engineer. 
3. Excavation 
We anticipate no difficult excavation within the depth of 
planned g~~ding. In general, all excavated material will be silt 
or highly weathered tuff bedrock and should be excavatable with con-
ventional grading equipment. The basalt encountered at a depth of 
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HARDING, MILLER, LAWSON & ASSOCIATES 
88 feet in.Boring 1 should be below the depth of excavation in the 
high cut area. The excavated material, when properly moi~ture 
conditioned for compaction, will provide suitable fill I!lCiterial. 
4. Fill Placement and Compaction 
Fill ma.terial Should be placed in thin lifts and compacted 
to 90 percent relative compaction. Since the moisture content of 
excavated soils will generally be greater than the moisture range 
sui table for compaction, it v.rill be necessary to dry most material 
prior to compaction. In dry weather, \<Te believe this can be accom-
. plished "~<'lith good grading techniques, i.e. spreading and mi::dng fill 
in thin lifts and placing fill on broad fill surfaces. It ro.ay not 
be practical to control the moisture content sufficiently, for com-
paction during wet weather. 
Where fills are to be placed on slopes greater than five 
horizontal to one vertical, the sloping ground surface should. be 
benched prior to placement of fill and as the filling progresses up 
slope. Specifications covering site preparation and grading are 
included in Appendix B. 
Since in-place· densities are some~vha t lm,Ter than the densi-
ties which v1ill. result after cornpaction, a shrin.l<age factor should 
be employed \vhen determining cut and fill quanti ties. We recomrnend 
excava·ted quanti ties be multiplied by a factor of 1. 06 to compensate 
for increased densities after compaction. To compensate for 'ivasted 
material and other losses, we recommend this factor be increased 
to 1.1. 
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HARDING, MIL.L.ER, LAWSON & ASSOCIATES 
5. Slopes 
Slopes should be no steeper than the planned two horizontal 
to one vertical. Using the most adverse conditions a,nticipated, ~ve 
have calculated a factor of safety of 1.5 for the planned high cut 
slope along the east edge of the site. (A discussion of the stability 
analysis on this slope is presented in. Appendix C.) Based on this 
analysis and the strengths of samples obtained from borings in other 
areas, we conclude that the lower slopes have factors of safety of 
1.5 or greater. 
Since grading plans have been modified subsequent to the 
field exploration, borings are not located directly over all planned 
cut slopes~ We recommend that the contractor grade in such a way. 
that the soil conditions in the slope areas can be verified by the 
soil engineer as the slope is steepened. Grading in this manner will 
allo\v flattening of t..he slopes in localized are.as if neces~ary. 
Since the silty soils· shrink and crack as they dry, the 
slope surfaces are susceptible to erosion. The benches in the slope 
should.be provided with interceptor ditches sloped to drain to suit-
able collection points. In addition, we recommend that slopes be 
planted to retard erosion. A locally proven method.. of slope planting. 
is by 11 hydro-mulching." By this process, grass seed is sprayed onto 
the slope in a fibrous mulch and the resulting gro\'7th is t"apid. Even 
if the slopes are planted, some sloughing and erosion should still 
be anticipated.· Access should be provided along benches and at the 
base of slopes to maintain the slopes and remove sloughed or eroded 
material. 
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HARDING, MILLER,. LAWSON & ASSOCIATES 
B. Foundation. Support 
Buildings can be supported on spread footings bottomed in 
the natural silty soils or properly compacted fill. We recommend 
the following design bearing pressures: 
Dead loads 
Total Design Loads, 
including wind and 
seismic forces 
2000 psf 
3500 psf 
Footings should be at least 12 inches wide and should be bottomed 
at least 18 inches below lowest ~djacent grade. 
C. Lateral Pressures 
Resistance to lateral loads can be obtained from friction 
between the bot;.to:r:n of footings and the soil equal .to 0.3 of the 
vertical dead load. Additional resistance to lateral loads may be 
obtained from a passive pressure of 1000 psf on the vertical face 
of foundations. Where soil adjacent to the footings is not confined 
by floor slabs o.:t.pavements,·resistance in the top one foot should 
be negiected. 
For design of the concrete drainage channel walls, an equivalent 
fluid pressure of 60 pcf should be used. Full d-rain blankets should 
be provided along the sides and beneath the bottom of the channel. 
Weep holes should be provided in the sides at 10-foot intervals. A 
typical section of the channel sho"v'ling recommended drainage is pre-
sented on Plate 2. 
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HARDING, MiLLER, LAWSON & ASSOCIATES 
D. Settlement 
Settlement in building areas will occur due to the weight of· 
new fill· anq structural loads over the natural silty soils. This 
settlement will occur rapidly and, for the depths of fill planned, 
postconstruction settlement should be less than one inch. Within 
cmy one hl1ilding area this settlement is expected to be relatively 
uniform. 
E. Slab Floors a;nd_Drive:ways 
Since the silty soils are moderately expansive, special pre-
paration of the floor slab and driveway subgrades will be required 
to control the S\velling. Selected non-expansive fill materials 
obtained from the deeper cut areas can be used in the upper portions 
of the fills under the buildings and driveways. This procedure 
would avoid the problem of expansive subgrade soils. If placement 
of expansive soils beneath the buildings and drive\'Jays cannot be 
avoided, we reconunend three possible methods to control swelling. 
1. Place the upper 12 inches of fill very v1et (about 
40 - 45 percent) and compact as much as possible 
(compaction will probably be between 85 and 90 
percent). At this combination of moisture and 
density, swelling·should be controlled to an 
acceptable amount (less than about two percent) 
a:nd the fill would still provide satisfactory 
support for the concrete slab. Footings for the 
building would be founded at least 18 inches below 
the lowest adjacent grade to be sure they bear on 
material compacted to 90 percent. 
This is not a regular subgrade treatment method, 
and it would require approval by the Federal Housing 
Authority. 
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HARDING; MILLER, LAWSON. & ASSOCIATES 
2. Treat the soils with some admixture such as lime 
to control swelling. Laboratory tests would be 
· needed to detep:r_rine what admixture is most effec-
tive. 
3. Replace the upper 12 to 18 inches of soil with 
aggregate base rock or rock or equivalent quality. 
Slab floors should be underlain by an impervious membrane arid 
at least four inches of free-draining c:rushed rock to provide·a 
capillary moisture break. The rock should conform to the following 
gradation: 
Sieve Size Percent Passing 
3/4 inch 
No •. 4 
No. 200 
100 
0 - 10 
0 - 3 
Prior to pouring of driveway slabs, the subgrade soil should be 
prepared in the same 1t1anner as the floor slab subgrades. 
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HARDING, MILLER, LAWSON & ASSOCIATES 
VII CONSTRUCTION INSPECTION 
As previously agreed \'le w·ill provide soil engineering inspection 
and testing services during the site preparation and grading to verify 
the wo:rk is :Peing done in accordance with the plans and specifications. 
This will also permit us to observe the soil conditions exposed during. 
grading and to modify our recommendations, if necessary, to meet field 
conditions. In addition, we should inspect footing excavations and 
the preparation of floor slab subg:rades. 
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Drain rock -~ -~ 
(see note) .-------~~ 24" minimum 
Perforated pipe placed 
with perforations down 
(when required) 
I> 
£) 
/J 
.. (I 
j) 
t>. 
l> 
Fill wi.th drain rock 
' 
== 
= 
I"' 12" min. -I 
TYPICAL SUBDRAIN DETAILS 
I> 
6 . ' /). ·. 
. l> • 
0: .. 
TYPICAL DRAINAGE FOR CONCRETE CHANNEL 
NOTE: 1. Drain rock should conform to the following gradation: 
Sieve Size 
3/4:...inch 
#4 
#200 
Minimum Percent Passing 
100 
0-10 
0-3 
8" minimum 
1' 
8" minimum 
2. 
''!".' 
Perforated pipe should be transite or corrugated metal. Location and 
diameters of pipe (where required) are shown on ·Plate 1. 
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TYPICAL DRAINAGE DETAILS 
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(Continuation of Log) 
BROWN SANDY SILT (MH) 
very stiff, moist, with small 
subrounded bas a It pebbles 
GRAY FINE-GRAINED BASALT 
very hard 
(no free water encountered) 
LOG. OF BORING 1 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
PLATE 
4 
1~--------~~-~~----------------~ 
~ ~ ~- LOG OF BORING 2 
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Shear Strength (lbs/sq ft) G> - - .:: .2~ l:--~ 
Ill - ·;;; -£ Q; 
·- c: >- c: a:. E ~8cs~~~ 
Equipment 4 11 Flight Auger 
Elevation 160 Date 5/14/70 
o~~r----------------------------RED BROWN SILT (MH) 
5 
43.2 76 
10-
47.8 76 
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37.4 84 
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40-
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~ • stiff, wet,· with rock fragments 
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I. 
and occasional roots 
MOTTLED GRAY AND ORANGE 
SILT (MH) - very stiff, wet 
becoming orange, hard at 13 1 
GREEN BROWN SILT (MH) 
Very Stiff I Wet 1 (highly 
weathered tuff) 
water level 5/19/70 
MOTTLED LIGHT BROWN GRAY AND 
ORANGE SILT (MH)- very 
stiff, wet, {intensely fractured, 
deeply weathered tuff) 
grading hard at 271 
LOG OF BORING 2 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
PLATE 
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~~--------~~-------------LOG OF BORING 3 0::: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Shear Strength (lbs/sq ft) 
Consc lidatic[! Test 
*Atter~rg Lilnits 
Liqul Limit= 68 
Plasti Limi = 48 
Plasti~ity ln~ex = ib 
49.5 
43.2 
10- ~.;:; 
72 
15 
79 
Equipment 4 11 Flight Auger 
Elevation 135 Date 5/14/70 
ORANGE SILT (MH) 
(loose fill for access road). 
ORANGE AND GRAY SANDY SILT 
(MH) -very stiff, wet 
ORANGE BROWN AND GRAY FINE-
GRAINED TUFF - low hardness 
' 
very friable, jointed, highly 
weathered 
water level 5/19/70 
color change to gray 
42.5 
20 fil~' 
79 = ;4 '·!:.:. ~~ 
grading orange brown and 
gray at 26' 
=~ 
35 
40-
HARDING, MILLER, LAWSON & ASSOCIATES 
~ Consulting Engineers 
Job No: 3902,001.06 Appr: L£'- /jwDate 6/10/70 
20 
LOG OF BORING 3 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
PLATE 
6 
-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0 
0 
0 
ll) 
Shear Strength (lbs/sq ft) 
0 
0 
0 
'<t 
0 
0 
0 
(") 
0 
0 
0 
N 
UU lOQO IX 
uu $oo 
0 
0 
0 
IX 
I Pf'IINTID ON DATAPRINT NO. 101 
-- ... ~ ..9,-:=-QI .... ... 5 c: :c- Ql 
-::;; .! ·;;; -£ a. 
·- c: >- c: a. E 0~86~~~ 
LOG OF BORING 4 
Equipment 4" Flight Auger 
Elevation 200 Date 5/15/70 
47.0 72 
o~WIII-1 -DI=f'l-......... 1-f'l P.Dn __ _"~~ ""~ ... "'"'WN SILT (MH) 
very stiff, wet, with roots in 
top 1.5 1 , with weathered rock 
63.7 62 
X I 57.7 66 
58.4 61 
57.5 64 
60. 1 64 
65.7 63 
61.8 65 
5 
~Ill 
I IIIII 
10 
15 
20 
= 
25 
30 
35-
40-
f 
f 
~ ~ ~ 
~ ·-~ ~ 
~~ 
~ 
~ 
.~ 
~-~ 
B 
~ ~~ q 
~: 
I 
~ w 
fragments 
DARK BROWN SILT (MH) 
very stiff, wet 
grading laminated I ight red 
and dork brown 
grading red brown 
ORANGE BROWN FINE-GRAINED 
TUFF- weathered, jointed, with 
red and gray clay seams 
DARK RED BROWN TUFF 
very fine-grained, weathered, 
low hardness, .with sma II white 
feldspar granuiE;!s_ 
grading darker red 
Shear Strength (lbs/sq ft) 
-'#. 
-~ .... 
:> ·C: 
.... Ql 
"' .... 
·- c: ~8 
-
... 
u 
a.-
- .... ... 
:c-QI 
"Vi -£ Q_ 
>-c: a. E 
0~ ~ ~ (Continuation of Log) 
40TW--~----------------------------~------
45-
so-
55-
60 
65-
70-
75-
80-
HARDING, MILLER, LAWSON & ASSOCIATES 
~ Consulting Engineers 
Job No: 3902,001.06 Appr:u ...... /iwoate 6/10/70 
(no free water encountered) 
.. 
LOG OF BORING 4 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
21 
PLATE 
7 
1~--~----~----------~----------~ 
-
-
.... 
~ u LOG OF BORING 5 0: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Shear Strength (lbs/sq ft) e... 0.---Q) - .... 
... c :l:--
..! 
.2 Q) 
·- ..r::. 
"'- "' -
0. 
·- c >- c 0. E ~8 ... ~ Q) 0 0 0 
"' 
0 
Conso ltdation Test 
*Atter >erg Li nits 
LiquH Limit= 95 
Plasti Liini =54 
PlastL.ity In ~ex = 41 
46.0 74 
*= 
5 
47.6 .72 
= 
10 
• 
15 
57.0 68 I 
20 
I 
'25 
48.0 75 I 
30 
= 
ie 
35 
40-' 
HARDING, MILLER, LAWSON & ASSOCIATES 
Consulting Engineers 
Job No: 3902,001 . 06 Appr: /.. E.L-/jw Date 6/10/70 
22 
r" 
"" 
~ 
.. 
Equipment 4" Fliaht Auger 
Elevation 165 Date 5/18/70 
5l... 
RED SILT (MH) 
stiff 1 wet, with occasional roots 
grading red and white at 2' 
ORANGE AND BROWN SANDY SILT 
(ML) - very stiff 1 wet, with 
rock frogmen ts 
MOTTLED RED AND LIGHT BROWN 
SILT (ML)- stiff, wet 
water level 5/18/70 
BROWN SILT (MH) 
stiff, saturated, (intensely 
fractured, deeply weathered 
tuff) 
grading gray and I ight brown, 
very stiff at 22' 
LAMINATED LIGHT BROWN AND 
DARK BROWN SILT (MH)-
stiff, saturated 
LOG. OF BORING 5 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
PLATE 
8 
1--------~------~------------------~ 
o::: ~ ~-:=- LOG OF BORING 6 ·· 
I Shear Strength (lbs/sq ft) ~ - .... ... c ~-...! ~ .! ·;;; £ Q. 
·- c >.. c o.. E 
Equipment 4" Flight Auger 
------~--~------~~---~8cs~~~ Elevation 135 Date 5/18/70 
I o ""~-~-1 BROWN GRAVELLY SILT (ML) soft 1 wet I 
I 
I 
I 
I 
I 
I 
.I 
I 
·I 
I 
I 
I 
I 
I 
I 
53. 1 69 
10 
56.6 67 I 
15 
59.5 6s 1 
20 
25 
= .~· 
·~·· 
. :': • • •• 
. •.. ft 
30 ~I 
35 
40· 
HARDING, MILLER, LAWSON & ASSOCIATES 
BROWN SANDY SILT (ML) 
stiff, wet, with roots 
BLACK AND BROWN SILT (MH) 
stiff, wet 
ORANGE BROWN SANDY SILT (MH) 
stiff, wet, with rock fragments 
GRAY SILT (MH) 
stiff, wet, (intensely fractured, 
deeply weathered tuff) 
GRAY TUFF 
intensely fractured, low hardness, 
weak, moderately weathered 
very low hardness at 26' 
Consulting Engineers 
Job No: 3902 1 001.06 Appr: /..&k- /jwDate 6/10/70 
LOG OF BORING 6 
Kahaluu Colony Village, Phase II 
Hee ia 1 Oahu, Hawaii 
PLATE 
9 
23 
·-
-
.... 
Shear Strength (lbs/sq ft) 
~ u ~ 0.-
CP .._ 
-
.... 
.... 
... c ~- ...!! 
.2 CP 
·- ..s:::. 
"' .... 
"' 
.... 0. 
·- c >.,C 0. E ~8 0~ CP ~ 0 
Equipment 4 .. Flight Auger 
Elevation 120 Date 5/18/70 
0 
*Atter perg Li !nits 
Liqui ~ Limit= 105. 
Plastt~ Limif = 63 
Plasti~ity ln~ex = 4~ 
54.5 66 *• 
BROWN ·SILT '(MH) .. 
stiff, wet, with occasional 
rock fragments 
5-
ORANGE AND GRAY SANDY SILT 
(MH) - medium stiff, wet, with 
occasional roots 
61.6 64 i 
10 
33.7 94 
15 
20 
25 
30-
35 
40-
HARDING, MILLER, LAWSON & ASSOCIATES 
~ Consulting Engineers 
Job No: 3902,001.06 Appr: (.£.#, /jwoate 6/10/70 
1!!1· .• ':li . 
,:·: ::;~ 
.. · .r~: 
i : .. : : 
DARK GRAY AND DARK BROWN 
SANDY SILT (MH)- stiff, wet 
water leveiS/19/70 
DARK GREEN GRAY TUFF 
low hardness, friable, moderately 
weathered, with seams of white 
waxy soft cloy 
becoming red brown at 26 .5' 
LOG OF BORING 7 
Kahaluu Colony Village, Phase II 
Heeio, Oahu, Hawaii 
PLATE 
10 
24 
,~--~=-=-~~~~~~~~~----~ 
-
-
.... 
?f. CJ LOG OF BORING 8 
..,e,.-::-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Shear Strength (lbs/sq ft) -Q) .. .... 
... c ~-
.2 Q) 
·- ..s:: 
"' .. 
"' 
.. 
·- c >- c Q. ~8 Ci ~ ~ 
0 
Ul 1000 IX X 57.6 68 
5 
57.8 66 
10 
57.0 68 
15 
20 
46.9 76 
I 
25 
30 
35 
40 
HARDING, MILLER, LAWSON & ASSOCIATES 
Consulting Engineers 
Job No: 3902,001.06 Appr: l.~Wjw Date 6/10/70 
Q) 
Q. 
E 
0 
II') 
= 
I 
• 
• 
I 
25 
Equipment 4" Flight Auger 
Elevation 120 Date 5/19/70 
BROWN RED SILT (MH) 
very stiff', wet, with clay 
seams 
(highly weathered tuff) 
grading stiff at 6' 
'52 water level 5/19/70 
LIGHT GRAY SILT (MH) 
stiff 1 saturated, (deeply 
weathered tuff) 
grading dark gray, very 
stiff at 26' 
""''"' 
LOG OF BORING 8 
Kahaluu Colony Village 1 Phase II 
Heeia, Oahu, Hawaii 
PLATE 
11 
1~------------~-----------------~ ~ l l~ LOG OF BORJNG 9 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Shear Strength (lbs/sq ft) ~ c ~ ~ ~ 
t; .! •;;; -f Q. 
·- c :>.. c a. E ~8cs~~~ 
Equipment 4 11 Flight Auger 
Elevation 135 Date 5/19/70 
o~~r---------~-------------------
73 ~ RED BROWN SANDY CLAYEY 
48.8 
5 
• 
10 
55.0 68 • 
15 
I 
20· 
= 
25 
30· 
i · ..
35 
40-
HARDING, MILLER, LAWSON & ASSOCIATES 
Consulting Engineers 
Job No: 3902,001.06 Appr: LU./jw Date 6/10/70 
26 
SILT (ML) - very stiff, wet, 
with rock fragments and 
occasional roots 
grading light red, with less 
rock frogmen ts, no roots 
at 11' 
grading brown orange and 
gray, with hard rock fragments 
at 21' 
GRAY GREEN TUFF 
low hardness, weak, deeply 
weathered 
water level 5/19/70 
LOG OF BORING 9 
K aha I uu Co I any Vi II age, Phase II 
Heeia, Oahu, Hawaii 
PLATE 
12 
t 
0:: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-
0 
0 
0 
1.0 
-
..... 
~ u 
Shear Strength (1~/sq ft) ~ ~-=-Q) - ..... 
.. c ~- ..!! 2 Q) 
·- ..s:. 
0 0 0 0 ., - )... ~ 0.. Q. 
·- c e 0 0 0 0 0~8 0 0 0 0 0~ ~ c 
"<t M N V'l 
LOG OF BORING 10 
Equipment 4" Flight Auger 
Elevation 170 Date 5/19/70 
52.9 710 I 
't~~:~ 
RED SILT (MH) 
stiff, wet, with occasional 
roots 
DARK RED BROWN FINE-GRAINED 
TUFF - low hardness, weathered, 
with white feldspar granules 55.5 68 5 ·I .,~t.:t& 
56. 1 
53.5 
10 
69 
15 
25 
30 
35 
4().. 
HARDING, MILLER, LAWSON & ASSOCIATES 
Consulting Engineers 
Job No: 3902,001 . 06 Appr:,LE ~ /jw Date 6/1 0/70 
27 
~~ 
grading red brown 
with occasional pockets of 
sandy silt (ML) at 10' 
RED BROWN TUFF 
low hardness, weak, jointed, 
highly weathered 
(no free water encountered) 
LOG OF BORING 10 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
PLATE 
13 
1~-------------~c~--------------~ 
o:: ?fl. g_ _ LOG OF BORING 11 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Shear Strength (lbs/sq ft) Gl :=- - .::: 
... c '!>....- Q) 2 Q) .... ..1:::. 
., .... ·;;; .... 0. 
·- c >.. c c. E ~8cs~~~ 
Equipment 4 11 Flight Auger 
Elevation 125 Date 5/20/70 
0T?PA~---------------------------------------------DARK BROWN SILT (MH) 
5 
53.3 71 = 10 
55. 1 69 
15 
20 
25 
30 
35 
40-
HARDING, MILLER, LAWSON & ASSOCIATES 
Consulting Engineers 
Job No: 3902,091.06 Appr: /..£1- /jwDate 6/10/70 
28 
medium stiff 1 wet 1 with roots 
LIGHT ORANGE BROWN SANDY 
SILT (MH) - stiff 1 wet, with 
rock fragments and roots 
~ water level 5/20/70 
BROWN AND GRAY SILT (MH) 
stiff, saturated 
grading very stiff at 13' 
GRAY GREEN FINE-GRAINED TUFF 
highly weathered, jointed 
DARK RED SILT (MH) 
very stiff, saturated 
LOG OF BORING 11 
Kanaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
PLATE· 
14 
~~--~--------~-----------------~ ~ h ~ l~ L 0 G 0 F 8 0 R I N G 1 2 .. · 
~ c ~- Q) I S ear Strength (lbs/sq ft) 111 · ..... t; .! ·:; -£ C.. Equipment 4" Flight Auger 
·- c >- c Q. E _ _ ~ 8 0 ~ ~ ~ Elevation 120 Date 5/20/70 I o~~-----------------
1 BROWN AND GRAY SILT (MH) 
I 
medium stiff, saturated 
ORANGE AND GRAY SILT (MH) 
Sl stiff, saturated 
1 5 
water level 5/20/70 
I 
I 
I 
I 
I 
I 
I 
I 
,I 
I 
I 
I 
I 
I 
I 
10-
43~5 79 = 
15 .~~.: 
·I 
20 
25 
30 
35 
40..,j 
HARDING, MILLER, LAWSON & ASSOCIATES 
Consulting Engineers 
Job No: 3902,001.06 Appr: t..£L./jw Date 6/10/70 
29 
grading gray, very stiff 
BROWN AND GRAY TUFF 
low hardness, friable, 
highly weathered 
LOG OF BORING 12 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii· 
PLATE 
15 
~~~~---------~----------~--~ ~ ~ l~ LOG OF BORING 13 
I Shear Strength (lbs/sq ft) Q) - ..... sc: ~--Q) ~ .! ·;; -f Q. Equipment 4" Flight Auger 
·- c: >- c: Cl. E - -~ 8 0 ~ ~ ~ Elevation 130 Date 5/20/70 I o~~-----------------
• BROWN RED CLAYEY SILT (MH) 
1 
st;ff,, wet, wHh occas;anal roots 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
5 • 
36.2 87 15·· ~ 
20 
I 
251 
30 
. 35 
40-
HA-RDING, MILLER, LAWSON & ASSOCIATES 
Consulting Engineers 
Job No: 3902,001 . 06 Appr: U'- /jw Date 6/1 0/70 
30 
RED BROWN SILT (MH) 
stiff 1 wet (highly weathered 
tuff) 
becoming block and light 
brown at 15' 
GRAY GREEN SILT (MH) 
very stiff 1 wet 1 (highly 
weotl-e red tuff) 
grading I ight brown at 20' 
grading gray and red brown, 
hard at 25' 
(no free water encountered) 
LOG OF BORING 13 
Kahaluu Colony Village, Phase II 
.Heeia, Oahu, Hawaii 
PLATE 
16 
~~~~---------~c----------~==--~ 
o:: 
1 
'i!, ~- LOG OF BORING 14 
I 
Shear Strength (lbs; sq ft) Cl,) ~ - .= 
!5 c: l:-- Cl,) 
~ .! ·:;; -£ 0.. 
:gg ~ig-6 
~UCCCtn 
Equipment 4" Flight Auger 
Elevation 175 Date 5/21/70 
I o~~-----------------RED BROWN SILT (MH) 
very stiff, wet, with occasional I 
1 
rock fragments and roots 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
5.;. 
47.9 72 I 
10-
• 
15-
MOTTLED RED AND LIGHT BROWN 
SILT (MH)- very stiff, wet, 
with occasional roots 
1 0" cobble at 8-1/2' 
GRAY GREEN AND RED SILT (MH)' 
stiff, wet, with occasional 
roots 
(no free water encountered) 
LOG OF BORING 15 
Equipment ____ 4~"-F~I~ig~h~t_A~u~g~e~r __________ ___ 
Elevation 183 Date 5/21/70 
o~~~-------------------------------
RED BROWN GRAVELLY SILT (MH) 
Consc lidaticn Test 
*Atterperg Li [nits 
Liqui ~ Limit =55 
Plast c Limi · = 25 
Plast city Index= 30 
43. 1 78 
HARDING, MILLER, LAWSON & ASSOCIATES 
Consultin!{ Engineers 
Job No:3902,001.06 Appr: '-£.""/jw Date 6/10/70 
31 
stiff, wet, with gravel sizes up 
to 6" diameter 
RED BROWN CLAY (CH) 
stiff, wet~ with occasional 
gravel 
(no free water encountered) 
LOG OF BORINGS 14&15 
·Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
PLATE 
17 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Shear Strength (lbs/sq ft) 
-
-
..... 
'#- u 
-
._9,-:;:-
Q» .._ ..... 
... c: ~- 4) 
.2 Q» ·- -£ 0.. ., .... ., 
·- . c: >-. c: o.. E ~8~~~~ 
0 
5 
• 10 
'15i1 
20 
• 
25-
56;9 66 • 
30-
35-
• 
40-
LOG OF BORING 1 6 
Equipment 4" Flight Auger 
Elevation 250 Date 5L22/7o 
RED 51 L T (MH) 
very stiff, wet, (highly weathered 
tuff) 
color varying from gray red 
to orange brown 
stiff at 23' 
-'#-
-~ .._ ;::) .c: 
Shear Strength (lbs/sq ft) 
-
..... 
u 
0..-
- .._ 
..... 
ti.! 
~-4) 
'iii -£ Q. 
>-. c: c.. E 
6 d ~ ~ ·- c: ~8 (Continuation of Log) 
40~--~--------------------------
• 
45-
42.3 7750"111 
31.9 
55-
60 
65 
70 
95 
75-
80-
HARDINO,MUII..LER, LAWSON & ASSOCIATES 
~ Consulting Engineers 
Job No: 3902,001. 06 Appr: t.£c.... /jwoate 6/10/70 
orange and red, very stiff at 43' 
-.·.··. ~ .. ~ .... 
~r~ ;;. 
·.~.=-~ 
·,t;;. 
~~ 
··.p~ 
:·.(~ 
RED BROWN TUFF 
~ 
low hardness, friable, jointed, 
highly weathered 
grading brown, low hardness, 
weak 
~ 
(no free water encountered) 
PLATE 
LOG OF BORING 16 
Kahaluu ColonyVillage, Phase II 
Heeia, Oahu, Hawaii 18 
32 
t· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Shear Strength (lbs/sq ft) 
-
.... 
u 
a.-
- ... .
~- Q) 
·;;; -£ 0.. 
:>..C 0. E 0~ ~ ~ 
LOG OF TEST PIT 17 
Eq ui pmen t _ _;;,Ba.;..,c.;,..k_h...;;oe...;:._ ______________ _ 
Elevation. ___ l_:_l_1 _____ Date 7/6/70 
o~-L~L=--------------------------------11~1.1....--
P"'P"' RED SILT (MH) ~ 
~ ~~-- medium stiff, moist, 
15-
with organic matter 
GRAY SILT (MH) 
medium stiff, moist 
RED SILT (MH) 
stiff, moist 
(no free water encountered) 
LOG OF TEST PIT 18 
Equipment __ Ba __ c_k_ho_e ________________ ___ 
Elevation _ __:.1.,!.;15::._ _____ Date --'7'-'-/..:.6.._/7;...;0.___ 
o~~r--------------------------------RED 51 LT (MH) 
-stiff, moist 
5· ~.... .. 
(no free water encountered) 
1Q-
15 
HARDING, MILLER, LAWSON & ASSOCIATES 
L 0 G 0 F T E 5 T PIT 5 .1 7 & 1 8 pLATE 
Consulting Engineers 
Job No: 3902,001.06 Appr: U-L./jw Date 7/15/iO 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 19 
33 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-
-
~ 
Shear Strength (lbs/sq ft) "ifi 
u 
-
c..-
G) ... - ... ~
... c: ~- G) 
.z G) 
·;;; -£ Q. 
"' ... 
·- c: >.,C:C..E ~8 .... ~ G) 0 0 0 Vl 
0 
5~ 
10 
15-
LOG OF BORING 1 9 
Equipment Backhoe 
Elevation 116 Date 7/6/70 
RED GRAVELLY SILT (MH). 
stiff, moist, with abundant 
cobbles and boulders 
(no free water encountered) 
LOG OF BORING 20 
Equipment __ ~B~a~c~k~ho~e~-----------------
E leva tion _ _..;.,1·_24 ____ Date ___ 7-'-/""""6/:.....7_0 _ 
o~~r------------------------
RED GRAVELLY SILT (MH) 
stiff 1 moist 1 with abundant 
cobbles and boulders 
5 ..... 
1Q-
15 
HARDING, MILLER, LAWSON & ASSOCIATES 
Consulting Engineers 
Job No: 3902 1 001.06 Appr: L££..-/jw Date 7/6/70 
34 
(no free water encountered) 
LOG OF BORINGS 19&20 
Kahaluu Colony Village 1 Phase II 
Heeia 1 Oahu 1 Hawaii 
PLATE 
20 
I 
I 
I 
I 
~~ 
-ii 0"' ft)~ 
MAJOR OMSIONS 
GRAVELS 
MORE THAN HALF 
COARSE AtAcnON 
IS LARGER THAN 
NO. 4 SIEVE Sill 
CL!AN GaAVELS 
WITH LimE OR 
NO FINES 
GW 
GP 
GM 
. , ..  
· ....... :; : ... ·.:~r~ 
TYPICAL NAMES 
WILL GIADfD GaAVELS, GaAVEL- SAND MIXTURES 
POORLY GRADED GRAVELS, GaAVEL- SAND 
MIXTURES 
SILTY GaAVELS, POORLY GIADfD GRAVEL- SAND-
SILT MIXTURES 
ci 
1&.1 ., GC ~:/'/ ClAYEY GRAVELS, POORLY GRADfD GaAVEL- SAND-
Z "' CLAY MIXTURES OL_--------+---------,_-+~r---------------------~ c~r-
GaAV!LS WITH 
OVER IR FINES 
o:: ... e>; 
1&.1~ 
~~ 8; 
SANDS 
MORE THAN HALF 
COARSE FRACTION 
IS SMALLER THAN 
NO. 4 SIEVE SIZE 
CLEAN SANDS 
WITH LimE OR 
NO FINES 
SANDS WI TI-l 
OVER IR FINES 
SILTS AND CLAYS 
LIQUID LIMIT LESS THAN 50 
SILTS AND CLAYS 
UQUID LIMIT GaEATER THAN 50 
HIGHLY ORGANIC SOILS 
Sw 
••• 
o o WELL GIADED SANDS, GRAVELLY SANDS 
• 
SP 0 0 ° 0
1 
POORLY GaADED SANDS, GRAVELLY SANDS 
SM 
sc 
ML 
... 
• 
• "1. 
• •I 
I 
CL ~ 
II 
SILTY SANDS, POORLY GaADED SAND- SILT 
MIXTURES 
ClAYEY SANDS, POORLY GIADED SAND- CLAY 
MIXTURES 
INORGANIC Slln AND VERY FIN( SANDS, ROCX 
FLO~, SILTY OR ClAYEY FINE SANDS, OR 
CLAYEY SILn WITH SLIGHT PLASTICITY 
INORGANIC CLAYS OF LON TO MEDIUM PLAST1CITY, 
GIAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS, 
LEAN CLAYS 
OL I I I I ORGANIC CLAYS AND ORGANIC SILTY CLAYS OF 
I I I I LON PLASTICITY 
MH 
CH ~ 
OH~ 
INORGANIC S!Ln, MICACEOUS OR DIATOMACIOUS 
FINE SANDY OR SILTY SOILS, ELAST1C SILn 
INORGANIC CLAYS OF HIGH PLAST1CITY, 
FAT CLAYS 
ORGANIC CLAYS OF MEDIUM TO HIGH PlASTICITY, 
ORGANIC siln 
PEAT AND OTHER HIGHLY ORGANIC SOILS 
UNIFIED SOIL CLASSIFICATION SYSTEM 
SAMPLE DESIGNAnON 
I8J lulk or Cloulllcotlon So10plo 
STRENGTH TESTS 
VVVVSZSi VANE SHEAI TEST 
F • Flold 
UNCONFINED COMPRESSION TEST 
1000 (30.0) c:===::J t tL.____ 
L • Loitorotorr 
DIRECT SHEAR TfST 1000 (30.0) IX X X )(! 
Mohture Content after Test ( .. ) 
Streu Nor•al to Shear Plane (p1f) 
" . ,........... . ....... 1 t ~ [ ~ 
KEY TO TEST DATA 
TRIAXIAL COMPRESSION TEST 
UU • UncOnsolidated- Undrained 
CU .. Consolidated- Undrained 
CD • Consolidated- Drained 
1/2 Deviator Streu (psf) 
Mohture Content after Test(%) 
Confining Strou - CJ3 (p,f) 
HARDING, MILLER, LAWSON & ASSOCIATES SOIL CLASSIFICATION CHART 
AND Consulting Engineers 
KEY TO TEST DATA 
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I 
Li... 
0:: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
PRESSURE (psf x 1000) 
0.1 0.2 0.3 0.4 0.5. I 2 3 4 5 10 20 30 40 50 
' 
1.400 
-r--
.... r---. 1.360 ....... 
.......... 
.... 
...... 
!\ 1.320 
"\ 
'\. 
\ 
1. 280 I' 
- r-- \ 
-1.240 
-1-r-
-
N ~ Q) 
r-r-
' 2 1. 200 r---: 
-I-
---
r-r- \ <l r-0::: 
.......... 
... \ 0 
-
!-.... 0 1. 160 
--
r-
- \ > - ....., 
1. 120 
0.1 0.2 ·0.3 0.4 0.5 I 2 3 4 5 10 tO 30 40 50 
Type of Specimen Undisturbed Before Test After 1est 
Diameter (in.) 2.43 J Height (in.) 0.80 Moisture Content Wo 49.5 % Wf 45.4 % 
Overburden Press,., P0 psf Void Ratio eo 1.402 et 1. 257 
Preconsol. Press.,P0 4000 psf Saturation So 97 % St 100 % 
Compression Index, Cc 0.44 Dry Density · ~d 72 pcf lct 76 pcf 
LL 68 PL 48 PI 20 G5 2. 75 (assumed) 
CIa ssi fica t ion Brown Sandy Silt (MH) Source Boring 3 a t 11 . 5 ' 
HARDING, MILLER, LAWSON & ASSOCIATES CONSOLIDATION TEST REPORT PLATE 
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Li.. 
ct: 
PRESSURE (psf x 1000) 
0.1 0.2 0.3 0.4 0.5 I 2 3 4 5 10 20 30 40 50 
1.340 
rw.. 
........ 1.320 
r--.. 
\ 
1.300 I~ 
1\ 
\ 
1.280 \ ~ 
- --~ 1'--- \ 1. 260 
.......... \ r---, <» ,............, \ 
2 1.240 
1- r'-1 ~ l-< a:: I'- \ ~ 1. 220 
0 ............. \ > 
1.200 
r--., \ 
........ 
~ ~ 
........ 
' 
\ 
1.180 
" 
\ 
Ia 1'. 1. 160 I' 1\ 
' 
....... 
....... 1. 140 r--., \ 
It 
1. 120 
0.1 0.2 0.3 0.4 0.5 I 2 3 4 5 10 20 30 40 50 
Type of Specimen Undisturbed Before Test After 1est 
Diameter (in.) 2.43 I Height (in.) 0.80 Moisture Content Wo 46.0 % Wf 45.2 % 
Overburden Press., P0 psf Void Ratio eo 1.351 et 1.274 
Preconsol. Press., Pc 4000 psf Saturation So 94 % St 100 % 
Compression Index, Cc 0.36 Dry Density ~d 74 pet ld 77 pcf 
LL 95 PL 54 . PI 41 Gs 2. 80 (assumed) 
Clossif icot ion Red Silt (MH) Source Boring 5 at 1.5' 
HARDING, MILLER, LAWSON & ASSOCIATES CONSOLIDATION TEST REPORT PLATE 
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.a: 
I 
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I 
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I 
I' 
I 
I 
I 
I 
I 
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I 
I 
PRESSURE (psf x 1000) 
0.1 0.2 0.3 0.4 0.5 I 2 3 4 5 10 20 30 40 50 
1.300 
... r- r-- !'-.. 
1.260 ~ ~"'-.. 
1. 220 
r-., 
....... 
....... 
·" 
~ I'll. 
............ t-...... 
'\. 1.180 !'-... 
r--. 
r---1'--... ~ 
........ !"'-, 1\ ~ 1.140 ['... \ 1'-~ 
.I' r\ 2 1. 100 I'"' 
1- ["'-. te.. 1\ ~ 
0:: ,..... I'-- \ e 1. o6o 
"' 0 ..... r---
r--- 1\ > 
["""'-. te.. !\ 1. 020 r-.. r--r-.. r-..... !\ 
. 980 
0.1 0.2 0.3 0.4 0.5 I 2 3 4 5 10 cO 30 40 50 
Type of Specimen Undisturbed Before Test After 1est 
Diameter (in.) 2.43 I Height(in.) 0.80 Moisture Content wo 43. 1 % Wf 42.9 % 
Overburden Press., P0 psf Void Ratio eo 1.292 et 1. 220 
Preconsol. Press., Pc 5000 psf Saturation So 95 % St 100 % 
Compression Index, Cc 0.40 Dry Density ~d 78 pet rd 80 pcf 
LL 55 . PL 25 PI 30 Gs 2. 85 {assumed) 
Classification Red Clay (CH) Source Boring 15 at 3. 0' . 
HARDING, MILLER, LAWSON & ASSOCIATES CONSOLIDATION TEST REPORT PLATE 
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TIME IN MINUTES 
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I I I I j_ I I I 
I I I I I I I I 
. ""0-- I I I I I I I I I I 
-~........ ·'iic~ I I I I I l jl I i 50 1---+---r-'-+--+1-i"""_,,-+' I ~~ I I I I I I I I ,; I I 
-:,~ -~ I I,' : j ,I 
""'-l.l I I i ....__l I I I I nl • 1;~ :_~ 
: I. I ~ ... I ~~ ! I I I I UIJ' 1 ~ 1 ! I'. :. 1 ~~ 
l 00 1--+-, _J..' -+--+-t-H-++1 1---t----+-+-t-1-+ ~--~ ~~~ ~±:-J:+-4l.-:::. -~rl_-...,-1+-, -+;-+,i +, +-1 H! l+---a..:.,.,r.-,9o!;!-M<+u~~-.,J;.s..-.;i r/i-i:+-i-li. -H 
i 'II I ·~~·JU 1:--fi I ,I il 
I I 1 I' I I 1 l1: r,:.,;-;--~ i 1 il ,1 
I I I I II I I·' I '. I P.hr ,n,.., c.- 1-1 ~ :1 l ' I 
' I [I I I i I 11 I I i I ~A 'f.. I I!~ II i 
l501-~~~·~~~~-+i'-+-+1+rrl __ ri' -+~i+'~+~H-~'-r-+-rl ++++-~~--~~~~~-r~+H-+-~1-+I-4'r-+rl~il rHrH I~ i: !Iii I I II' 1 /111 i 
I ;[--f..l..l. I I : I I I I I I I ! 
I• ~~1, I 1 11 I I'll 
I I ~ __j_J_ I I 1· I II I I I 
: 200~~~,+-r+++H+--~!--t-j~-,-il~~ ~-+~-rHH++-~i--+:~l'/~!-+-hi-H-++t--~1-t--1+.1!-nlJ~+,+:H! 
- i I : -,1 ;--..._•' • I I I I II I' I ~· . I I I i ' 
z I I -'---·-~ I i KJ . ' _,...I "l ~ 'rr~ 
I i :. I I i I i I : I ~- I i ' 11 • I ' :~;:?hnrhl :··;c( i 
z 
0 I---+--+-+-+--++-HI n-1 +---,---'-+-~ -:-1 ++-, m---.1-t--!r--r-, --H-1-t-t-H· 1 , · · ~ : "' -+ '· , )-' · r~ '"]_' 1 ' 
..... I -r-+-~-- I ' i ..... --L-..--t'i--tt-rlt-+t-H 
< 1---+--'-' ..._, .. ' I : ! II I ~ ! I I I ! I I I i I I ~ ·-rr~ I ': I li I I 
~ '.\ I I I I I I I: I _[ i 1[ I ! i' I 1: I 'I : 
o 250 1---~,---~~--~~~~~+H-~-r-r+++,rrr~~,_~-r~rT+~-+~~rr.brl~ 
::::; -+' -+i + .. +. H' ----t--.,...-'1-t-! +! .,...i hi+--+-+ I_._ I j_ _!_i I i I I! I I I I ! 
0 ---~~---: I 11 I I 11'11 I i1 TT I I~ i -U--~L.i I !I I II! IL .. ~===~:~ :=:~::::1 ===:==:=:-: +~-+1+[ :-... :..1·:=:~=:=-t[- t[+++++-,r--:! ; i ~ :1 ·i': 1 I 11 I: 1/_;i_ 
I 1! 11 , 111 ~~ II , 1 ,, ,;rq 
I I ! i l I I i i i I • I i ~. i ! I I' : I I :I I ; : 300 ~--~~+-~~+H--~i--T-r+l++~--~,,_-r-r++TH~i--h:l-,-rl~!~, Tri:I·T-~~~~~~.~, ~~~.I~ 
I I . I I --T---1' II : 'I' I i i I 'I . I I:. I ,I • 'I I 
I ! I I ! I I I I I ,I : I I i I ~ I ,, I I I ' . 
r--------------~--~~~-++ri+--++--r~+-+rH+~--~-r1-·~~r-~~+-+ri~~ 
.il I I I 'I' I I ~. 1 _' I I I :,: 1 1:. 350 1---j----l..,---~,-+,-++1+1: ----1--+, -+-+1-+l-t+t+---+1--+--+-+-+t+t-t-+-41--11 I , I li . I . I : I ! I i ! : 
I I : i I ::I ' 1 11 I IIi I II il i i: I 
I i-----1-,.-+- ... - ... .. 
: 
I 
0.1 0.2 0.5 
I I 
..... - .......... - . 1-.. 1- -- 1-·· . I if : I l !I I I I II I lj .•. : i: I If . ·j- ' ~ i I :·:. :-· 1: ; ; i ~~ I ' 
I I l 1 I : I I I !: I: I 11 : I 
I 
I I I I I II It i I 
I I I I I I I' [!!I I: 
I I I I ' I I il I I I i 
I I I I : I I'[, II 
I I I I ~ I I: I I I ; 
10 16 30 60 120 180 240 480 1440 2880 4320 5760 10,000 
TIME It\ MINLTES 
Consulting Engineers 
CONSOLIDATION TEST 
TIME-DEFOR/v\A liON CURVES 
Kahaluu Colony Village, Phase II 
PLATE 
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I 
I 
70 
60 / 
v 
, 
CH 
- 50 -;R ~ v X 
' 
w / 0 0 40 z CL v - /__ ~ 30 '"' u 
V4-A Line i= V"'' 
~ 20 1 _.a_l . 
0.. v - or OH• C L - M LJ M / .. 10 M L - C L' 
~ ~v ~ ~ L o I 0 L 0 I/ I 
I 
0 •lQ 20 30 40 50 60 70 80 90 100 
LIQUID LIMIT(%) 
Symbol Classification and Source Liquid Plastic Plasticity % Passing 
Limit C_%1 Limit (%) Index (%) #200 Sieve 
• RED SILT (MH) 84 65 19 --
Boring 1 at 15. 2' 
0 ORANGE BROWN AND GRAY TUFF 68 48 20 
--
Boring 3 at .11.5' 
• RED SILT (MH) 95 54 41 --
Boring 5 at l. 5 1 
0 BROWN SILT (MH) 105 63 42 
--
Boring 7 at 1. 0' 
£ RED BROWN CLAY (CH) 55 25 30 
--
Boring· 15 at 3. 0' 
A RED SILT (MH)- Boring 5 at 1.01 9§ 52 43 
--
HARDING, MILLER, LAWSON & ASSOCIATES 
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a:: 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
140 
130 
-.... 
"' z
~ 110 
>-ICIII:: 
c 
100 
90 
80 
0 
TEST METHOD 
ASTM Dl557-66T(C) 
\(
Reference Line - 100% Saturation 
for 2. 70 Specific Gravity 
' \ 
10 20 30 
MOISTURE CONTENT (%) 
40 
I Symbol Sample Source Classification Optimum Maximum Dry 
r-----r-----------------~------------------------~~~~ls~t~~e~~~)~~~=n=sl~~~~=c~f)~ I • Boring 16 at 0 to 6' RED SILT (MH) 24.0 97 
~~~~~--~----~----~--~~~ 
HARDING, MILLER, LAWSON & ASSOCIATES 
Cunsulting En{!illl'l'rs I ~--------------------------------~ 
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COMPACTION TEST DATA 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
PLATE 
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l 
1.1. 
f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
12 
,.B 
10 I 
-0 
5 ~ ~ ~ 10 I )( 8 
I -.. 
_ ........ Ill 
A Q. 
- ~ ~ ~ Cl'l (/) a. 8 (/) - 6 I~ LrJ v ............ V) a: ~ V) 1- / I.U (/) . a: a: I- 6 V) / <{ 4 v ' 1\B LrJ a: :t: /; I\ A 0 (/) !;;i 4 2 -
' ( \ \ > I.U Cl \ 2 0 
0 2 4 6 8 10 12 14 16 
0 
NORMAL STRESS (psf x 1000) 
0 2 4 6 8 
AXIAL STRAIN (%) 
Test Type: Unconsol idoted-Undrained Controlled: Strain 
Saturation Method: -- Gs 2 · 75 
Test No. A B c 
Diameter (in.) 2.43 2.43 
b" Height (in.) 6.00 6.00 
......... 
0 27 flo % b-
·-
Moisture Content 34.2% 
-
c: Void Ratio 1. 006 1. 009 
- Saturation 93 % 74 % % 
Dry Density (pcf) 86 86 
-
Moisture Content 34.2% 27. flo % Cl'l 
-
Q) Void Ratio 1. 006 1.009 ,...;. I-U'> Q) Q. .... Saturation 93 % 74 % % 
-
0 
-I.U Q) Pressure (psf) 1000 1000 a: en 
:::::> - Moisture Content 34.2% 27. P!o % V) c 
V) c: 
·- Void Ratio 1. 006 1.009 La.J LL.. a: 
Q.. 61 Major Prin. Stress (psf) 9600* 13660* 
I.U 0"3Minor Prin.Stress (psf) 1000 1000 a: 0 
Time to Failure (min.) 3 3 Q.. 
(%) Sample Source= Boring 16 at 0 to 6' (remolded) AXIAL STRAIN 
Classification: Red Silt (MH) 
I I ~ = --c = -- *Values at 3% axial strain 
HARDING, MILLER, LAWSON & ASSOCIATES TRIAXIAL COMPRESSION TEST REPORT PLATE 
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1.1.. 
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I 
I 
I 
I 
7 
~~ A 6 10 I -0 0 ~ 0 5 ,. 8 Q (' -"" B ., Q. - -Ill (,/) Q. 
4 (,/) 6 - LIJ 
r./) a:: 
r./) f-
UJ (,/) 
a:: a:: 
...... 3 4 r./) <( LIJ 
a:: f :I: 0 (,/) !;i ..,..-~~ ~ -2 2 / .......... > ~ \ ~ UJ • / (( \ 0 I 1 0 I 
0 2 4 6 8 10 12 
NORMAL STRESS (psf x 1000) 
0 
0 2 4 6 
AXIAL STRAIN (%) 
Test Type: Consolidated-Undrained Controlled: Strain 
Saturation Method: See~age and Back~ressure Gs 2. 75 (assumed) 
5.0 I ~~ Test No. A B c 0 iamete r (in.) 2.43 2.43 
"b'3.0 Height (in.) 5. 70 5.85 
......... v B b- c Moisture Content 34.6% 39.7% % ·--1.0 c: Void Ratio . 998 1. 121 -
Saturation 95 % 98 % % 
Dry Density (pcf) 86 81 
3 u; Moisture Content 36.1% 40.0% % 
-
Q) 
Void Ratio 
- B 
...... 
. 954 1. 062 
"' 
Q) 
0. ( .... Saturation 100 % JOO % % - 0 
2 -UJ Q) Pressure (£_sf) 3000 6000 0:: v- CD ·~ 0 Moisture Content 36.1% 40.0% % r./) ~ c: r./) . 954 1. 062 UJ 1 LL Void Ratio a:: I A a.. 61 Major Prin. Stress (psf) 8400 10940 
I.&J 63Minor Prin.Stress {psf) 3000 6000 a:: 
0 
Time to Failure (min) 24 a.. 0 18 
0 2 4 6 Sample Source: A-Bor. 1 at41.3', B-Bor. 1 at66.5' 
AXIAL STRAIN (%) 
Classification: Red and Green Sandy Silt (ML) 
I I 0 = --c = -- Note: Both specimens failed along existing seams 
HARDING, MILLER, LAWSON & ASSOCIATES TRIAXIAL COMPRESSION TEST REPORT PLATE 
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Shear Strength (lbs/sq ft) l.g 
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loU1 
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0 
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-.:t 
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0 
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?fl. u 
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Q) +- ..... 
... c c-- Q) 
.2 Q) ·- -£ Q. 
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·- c >-. c a.. E 0 ~8a~~~ 
0 
LOG OF BORING Shear Strength (lbs/sq ft) 
Equipment 4" Flight Auger 
Elevation 280 Date 5/8/70 
0 
0 
0 
-.:t 
g 
0 
("') 
0 
0 
0 
N 
0 
0 
0 (Continuation of Log) 
0 
0 
0 U1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
59.8 
46.7 66 
uu ~500 56.8 
*Atte berg L mits 
Liqu d Limi = 84 
Plas ic Lim t =·65 
Plas icity I dex = 9 
20 
25 
30 
uu 500 35 
45.2 74 
40 
PRINT&O ON DATAPRINT NO. 101 
RED SILT (MH) 
medium stiff, wet 
RED AND GRAY SILT (MH) 
very stiff, wet, (highly weathered 
tuff) 
BROWN TUFF 
low hardness, friable, jointed, 
' deeply weathered 
REDSILT(MH) 
stiff 1 wet, (highly weathered 
tuff) 
BROWN TUFF 
low ·hardness, friable, highly 
weathered 
MOTTLED BLACK AND RED FINE-
GRAINED VVE A THERE D TUFF 
low hardnes~, weak 
44.9 78 
45 
uu 3 DO 
.A, 32.3 86 
. 
to 71 0 
50 
46.6 75 
55 
60 
65 
39.9 82 
70 
uu 7 00 
,.,...- 35.4 88 
v 
to 71 0 
75 
80 
HARDING, MII.LER, LAWSON & ASSOCIATES 
~ Consulting Engineers 
Job No: 3902,001.06 Appr: LilEL-/jwDate 6/10/70 
BROWN AND RED BROWN FINE-
GRAINED TUFF - intensely 
fractured 1 moderately hard, 
friable 1 weak, jointed, 
moderate I y we a the red, with 
black clay in joints 
GRAY BROWN Fl NE-GRAI NED TUFF 
moderately hard, very friable, 
jointed, moderately weathered 
(Continued on next plate') 
LOG OF BORING 1 
Kahaluu Colony Village, Phase II 
Heeia, Oahu, Hawaii 
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HARDING, MILLER, LAWSON & ASSOCIATES 
1. 0 · GENERAL . 
1~ 1 Scope - The work done unde:J; thes.e specifications shall 
include: 
1.. Clea,ring, stripping arid preparation of.- all 
areas ·to be- graded; 
2. · Furnishing, placing, and compacting fill to 
the. lines and grades indicated on the plans; 
3,. -Constructing slopes and finish. grading all 
cut and fill areas; 
4. .Installing subsurface drains. 
1.2 ·Relative_Compact:,:j_on -As referred to in these specifica-
tions, ·. 11 relative compaction n is the in..:.place dry density of 
the soil expressed as a percentage of the maximum.dry -density 
of the same rtla.terial determined in. accordance ,.;fth the ASTM 
.Dl557-66T(C) test procedure. 
2. 0 SITE PREPARATION 
2.1 Strippinq - Areas to be graded shall be cleared of all 
trees, brush, rubbish, and other organic material. All grass 
and the top two to four inches of soil containing roots and 
organic matter, shall be stripped from areas to be graded. 
3.0 SUBSURFACE DRAINS 
3.1 Descriptio~ - This work shall consist of excavating 
trenches where required, furnishing and installing perforated 
4.5 
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HARDING, MILLER, LAWSON & ASSOCIATES 
pipe, furnishing and placing drain rock, furnishing and install-
ing discharge lines as shown on the plans or as directed by. the 
soil engineer and in accordance ·-v1ith these specifications. 
3.2 Drain Rock - Drain rock used for subdrains and drain 
blankets shall be free from organic material. I.t shall con-
sist of hard,.durable, free-draining crushed rock or gravel 
conforming to the following gradation: 
Sieve Size Percent Passin~ 
3/4 inch 100 
No. 4 0 - 10 
No. 200 0 - 3 
3.3 Pipe - Pipe shall be perforated transite or corrugated 
metal. The size and location of perforated pipes are indi--
cated on the plans. 
3.4 Installation ..,., Trenches for subdrains shall be excavated, 
the pipe installed, and the. trench filled with drain rock 
according to the dimensions and details sho-vm on the plans. 
Perforated pipe shall be placed with the perforations down. 
4.0 FILL PLACENENT 
4.1 Fill Material - On-site soil can be used as compacted 
fill provided it is free from debris and or~janic rna terial. 
Material larger than six inches in maximum dimension shall be 
permitted in the fill only below the top four feet. 
46 
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HARDING, MILLER, LAWSON & ASSOCI.ATES 
· 4 •. 2. Placement and Compaction - Fill material shall be placed 
in lifts less than six inches in loose thickness arid moistened 
or allowed to dry as necessary to achieve a moisture content 
suitable for compaction. Fill material shall be compacted. 
with sheepsfoot rollers or other suitable equipment to obtain 
at least 90 percent relative. compaction. 
4. 3 Fill on Slopes - Where fills are placed on slopes greater 
than .five horizontal to one vertical, the sloping ground surface 
shall be benched prior to placement of fill and as the filling 
progresses up the slope. 
4.4 Recompaction - \mere test results or performance of the 
fill indicates that the moisture content is not suitable or 
insufficient compactionhas been obtained, the fill shall be 
reconditioned and recorn:pacted to ~he required density prior to 
placing additional fill material. The contractor shall be 
responsible for placing and compacting approved fill material 
in accordance with these specifications. If the contractor 
fails to meet the compaction requirements he shall stop hauling, 
reduce his rate of haul, furnish additional spreading, \vatering, 
or compaction equipment and make any other adjustments necessary . 
to produce a satisfactorily compacted .fill. 
4.5 Drainac:re - During construction, all fill surfaces shall be 
sloped to provide positive surface drainage to prevent pending 
of water. If it appears that r~iny weather is i~minent, the 
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HARDING, MILLER,· LAWSON & ASSOCIATES 
contractor shall roll the surface with· smooth.-wheeled rollers 
or rubber-tired equipment to seal the surface against excessive 
infiltration of water. Temporary surface drains· and di,tches 
shall be provided by the contractor as necessary to expedite 
runof!. 
5. 0 SLOI?ES AND FINAL GRADING 
5.1 Slopes - Upon completion of fill placement, all loose 
materials shall be removed from the slopes and the slopes 
shall be trimmed or compacted to expose a dense uniform 
surface conforming to the lines and grades shown on the plans. 
5.2 Final Grading - All fill surfaces shall be graded to uni-
form slopes in accordance \vi th 'tl~e grades shmvn on the drawings 
so as to drain readily. All surfaces should be graded smooth, 
low spots filled in, and rolled with rubber-tired equip!1lent to 
seal the surface against infiltration of water. 
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HARDING, MILLER, LAWSON & ASSOCIATES 
The stability of the 100-foot high cut slope was analyzed for 
two conditions--short term and long term. 
For the .short-term stability analysis, total stress parameters 
were used. · Soil snear stJ;engths were obtained from unconsoiidated-
undrained triaxial tests. The actual soil strengths used were a 
cohesion of 1000 psf in the upper 20 feet of soil and highly 
weathered rock. Below that point, a cohesion of 3000 psf was used 
for the tuffaceous rock. A O.lg seismic accel-eration force was 
assumed. to be. acting on the slope. 
Effective stress parameters were used for the long-term slope 
stability analysis. These parameters were obtained from consolidated-
undrained triaxial tests using pore pressure measurements (the 
triaxial test results are presented on Plate 26 in Appendix A). 
Angles of internal friction of 25 and 40 degrees were obtained. A 
design. angle of internal friction of 27 degrees was used for the 
analysis. 
The slope stability analyses we performed used a GE-265 (Mark I) 
Computer (Time-Sharing System) . The computer program used is from 
the General Electric Time-Sharing Library. 
For both slope stability analyses the minimum factor of safety 
was at least 1. 5. The cri.tical circles .and circles near the critical 
circle for·both analyses are shown on Plate 30 in this Appendix. 
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December. 11, 1962 
Schaaf and Jacobs, Structural cngin~ers 
3562 Redwood Hightmy 
San Rafael, California . 
Gentlerroen: 
Re: ~arkspur Plaza Market 
Larkspur Plaza Development 
Larkspur, California 
. . 
This letter nnd attachments summarize the.rcsults of our engineering studies 
and of our consultation .with you. regarding the planned Larkspur Plaza ~1ar­
ket nu.ilding in Lar!~spur, California. We hnvc previously investigated the 
subsurface conditions at the site and submitted a report entitled, "Soils 
Investigation, Larkspur Plaza Development, Larkspur, California", dated 
September 12 1 1961. We are currently providing soil engineering control dur-
ing the placement and cotipaction of fill n;atcrials. · 
Scop~: 
The scope of our work has included engineering analysis concerning. the sup-
port of the,. proposed market building and a.n evaluation of the anticipated 
settlement behavio1·. Our work has also included the design,. control and ob-
servation of a surcharge fill placed in the market building area. 
Site Descrintion: 
The planned structure ~:ill be located northeast of H<lgn•Jlia Aventtt) and Dougherty 
. Drive in L~n·kspu-r· • California, on Parcel A of the properties included in the 
Larkspur Plaza J\sscss:o:cnt District. The ''r.nnket building" \'lill include a com-
bined superoarket and variety store, and will be oriented on the site .as shown 
by the Plot Plan on Plate 1. The locations of the planned street and of the 
tcs~ borings drilled during ~ur previous investigation are also shown on the 
Plot Plan. 
The market building site is underlain \>lith soft, corapressible marsh deposits 
20 to 25 feet in thickness which are in turn underlain by firm sandy and clayey 
. alluvial and residual soils. Prier to the placement of fill over ·the site• the 
surface of the cor::prcssiblc marsh deposits was at approximately elevation 
+3 (~t.s. L. Datum), and the planned final fill elevation will be approximately 
+9 resulting in .. a six-foot thick po.d of fill. An old slouth up to 4 feet 
deep and 8 feet wide meandered th1·ough the buildin!, area in the appro~~;;:~te 
location shmm on the Plot Pl~n. 
:I • 
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· Pr<>p()set,! Construction: 
The proposed market building will be reinforced con<,:rote • tU t-~p exterior · 
wa;lls on continuous perimeter footings with interior colur.ms on isolated 
·footings. To avoid the relatively high cost of providing pUc support for 
the $tructure and floor, it was elected'to support the building on spread 
footings founded within the compacted fill, and to minimize and,cortipensate 
forthe differential settle111ents which wouldoccur. 
F.oundati<m. Support:· 
The allowab.).e bearing pressures for small footings (say, 2 feet \dde) arc 
governed by the strength and thick.ness of the fill mat~ria.ls. However, for 
larger footings the stress in the underlying soft marsh deposits will govern 
the maximum allowable footing pressures. Based on a mininum of 3-1/2 feet 
of compacted fill beneath the bottoms of the footings, the maximum .recom-
mended footing loads for square (column) footings and for long (wall) foot-
-ings arc presented on Pbtc 2. The recommended maximum footing loads are 
based on limiting shear stresses in the soft marsh deposits to 200 psf and 
apply to the total of dead plus real live load. 
Settl.ement: 
Settlement '~111· occur at the site d.ue to the consolidation of the soft marsh 
deposits under the \¥eight of the fill and structural loads. Differences in 
settlement \-.rill result from (1) differences in the thidncss (\-iei.ght) of 
.the fill material placed; (2) variations in the compressibility of the soil; 
and (3), the influence of foundation loads. 
" Since a greater thickness of fil.l material was_ necessary in the slough area, 
differential settlement across the slough is to be expected. To reduce this 
differential settlement, it was rocowmcndcd that a surcharge fill be placed 
over the slough area within the building area for several months to accelerate 
· settlement prior to construction and, therefore. minimize the· differential 
settlements remaining after construction of the building. · This surcharge 
was placed under our control during the second week in November 1961, and was 
removed, after approximately 5-1/2 1:.:onths had elapsed, during the first week 
~n May i962. · 
Additional settlements \iill occur as the result of the structural dead loads' 
and floor loads uithin the building. This additional scttlcillent expected 
during the next 20 years due to various column and wall loads (doatl plus 
real live loads) is shown graphically on Plate 3 for both slough and non-slough 
areas. These estimates were based on the maximum footing loads rcco11.mended on 
Plate 2. Typical foundation dead loads in and ncar the slough a:rc:as ate about 
. 17 kips for columns and 1. 5 kips per linear foot for wall footings. Di fferen-
tial settlements will thus be on the order of 2 i:nches. A summary of the 
settlements to be expected under various footing loads during the 20 years aft~r 
construction is presented on Plate 4. It should be noteu tho.t the floor lonJs 
will produce an additional settlc!:'!ent of about one-half inch, and that all of 
the settlements indicated arc in addition to the overall settlement of the 
site that will result from the Height of the cor.1pacted fill. 
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December U • 1962 
- _From ou:r discussions.with you, we understand that provisions have·been 
made for future a.djustment of the elevation of certain columns ::1nd that 
rei:nforced concrete .grade beams will span t'he areas cf expected d'iffer-. 
entia.l settlement. ll/e alSo understand that releveling of the floor slabs 
immediately adjacent to the heavily loaded columns and in the area .of the .. 
_ previously existing slough is acceptable to the owners from a structural-
. • maintenan!Ze standpoint. Since settlement is more rapid during the ~first. 
fe\'1 years after filling and construction, we expect that some adjustment 
9f columns and floor slab releveiing will be required at intervalS of about 
·. 2 and 5 years after construction, but that little if any. will be required 
ifter t~~t period. · -
Plates 1 through 4 are attached and complete this report. If there are any 
· questions concerning our conclusions and recommendations 1 please· do. not 
he~itate to call us. 
Yours very truly, 
HARDING ASSOCIATES 
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I 
' "· I INTRODUCTION 
\ 
This report presents the results of the soil investigation we 
performed for the Kahaluu Colony Village Phase II, Heeia, Oahu, 
Hawaii. 
The development, as shmvn on the Site Plan, Plate 1 , is northeast 
of the Kahekili Highway and is north and east of the Ahuimanu commer-
cial site. We have performed a soil investigation for the Ahuimanu 
commercial,, site and information from that work was used to supplement 
data obtained during this investigation (some underdrainage and depth 
of soft soils from the commerc.ial site work are also shown on Plate 1). 
The development will include approximately 500 units with adja-
cent access roads and parking areas. A concrete drainage channel is 
to be built along the Kahekili Highway to replace the existing 
drainage ditch. Federal Housing Authority financing is planned for 
the project. 
The site is a 50~acre parcel characterized by steep low hills 
of volcanic origin. The grading will include placing and compacting 
about one million yards of fill material which will come from the 
adjacent hills. Cut slopes will generally range between 40 and 60 
feet in vertical height; however, a large cut slope along the east 
edge of the site will be about 100 feet high. Fills will be terraced 
and the slopes will be relatively low as a consequence. Plans call 
for all slopes to be two horizontal to one vertical with 10-foot wide 
benches every 15 feet of elevation. 
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V SUMMARY OF CONCLUSIONS 
Based on the results of our investigation, our principal 
conclusions are as follows: 
1. Difficult excavation is not anticipated. Most 
excavated material will be suitable for compacted 
fill; however, it will be difficult or impossible 
to achieve the required compaction in wet weather. 
2. Cut and fill slopes, as planned, will have a 
minimum factor of safety against overall failure 
of 1.5. Slopes should be planted to minimize 
erosion. Nevertheless, some sloughing and erosion 
should be anticipated. We concur with the provi-
sions shown on the plans for future slope mainten-
ance. 
3. Buildings can be supported on spread foundations. 
Postconstruction settlement of buildings due to 
structural and fill loads will be less than one 
inch. 
4. The silty soils are moderately expansive. There-
fore, special treatment of the floor slab and 
driveway subgrades may be required, depending 
upon the quality of surface soils at final grades. 
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5. Slopes 
Slopes should be no steeper than the planned two horizontal 
to one vertical. Using the most adverse conditions anticipated, we 
have calculated a factor of safety of 1.5 for the planned high cut 
slope along the east edge of the site. (A discussion of the stability 
analysis on this slope is presented in Appendix C.) Based on this 
analysis and the strengths of samples obtained from borings in other 
areas, we conclude that the lower slopes have factors of safety of 
1.5 or greater. 
Since grading plans have been modified subsequent to the 
field exploration, borings are not located directly over all planned 
cut slopes. We recommend that the contractor grade in such a way 
that the soil conditions in the slope areas can be verified by the 
soil engineer as the slope is steepened. Grading in this manner will 
allow flattening of the slopes in localized areas if necessary. 
Since the silty soils shrink and crack as they dry, the 
slope surfaces are susceptible to erosion. The benches in the slope 
should be provided with interceptor ditches sloped to drain to suit-
able collection points. In addition, we recommend that slopes be 
planted to retard erosion. A locally proven method of slope planting 
is by "hydro-mulching." By this process, grass seed is sprayed onto 
the slope in a fibrous mulch and the resulting growth is rapid. Even 
if the slopes are planted, some sloughing and erosion should still 
be anticipated. As shown on the plans, access will be provided along 
benches and at the base of slopes to facilitate maintenance. 
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B. Foundation Support 
Buildings can be supported on spread footings bottomed in 
the natural silty soils or properly compacted fill. We recommend 
the following design bearing pressures: 
Dead Loads 
Total Design Loads, 
including wind and 
seismic forces 
2000 psf 
3500 psf 
Footings should be at least 12 inches wide and should be bottomed 
at least 12 inches below lowest adjacent grade. If foundation soils 
are determined to be expansive, the footings should be deepened to at 
least 18 inches. 
c. Lateral Pressures 
Resistance to lateral loads can be obtained from friction 
between the bottom of footings and the soil equal to 0.3 of the 
vertical dead load. Additional resistance to lateral loads may be 
obtained from a passive pressure of 1000 psf on the vertical face 
of foundations. Where soil adjacent,to the footings is not confined 
by floor slabs or pavements, resistance in the top one foot should 
be neglected. 
For design of the concrete drainage channel walls, an equivalent 
fluid pressure of 60 pcf should be used. Full drain blankets should 
be provided along the sides and beneath the bottom of the channel. 
Weep holes should be provided in the sides at 10-foot intervals. A 
typical section of the channel showing recommended drainage is pre-
1 sented on Plate 2. 
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D. Settlement 
Settlement in building areas will occur due to the weight of 
new fill and structural loads over the natural silty soils. This 
settlement will occur rapidly and, for the depths of fill planned, 
postconstruction settlement should be less than one inch. Within 
any one building area this settlement is expected to be relatively 
uniform. 
I E. Slab Floors and Driveways 
Selected non-expansive fill materials obtained from the deeper 
I cut areas can be used in the upper portions of the fills under the 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
buildings and driveways. This procedure would avoid the problem of 
expansive subgrade soils. If placement of expansive soils beneath 
the buildings and driveways cannot be avoided, special preparation 
of the floor slab and driveway subgrades will be required to control 
the swelling. We recommend three possible methods to control swelling, 
if it is necessary. 
1. Place the upper 12 inches of fill very wet (about 
40 - 45 percent) and compact as much as possible 
(compaction will probably be between 85 and 90 
percent). At this combination of moisture and 
density, swelling should be controlled to an 
acceptable amount (less than about two percent) 
and the fill would still provide satisfactory 
support for the concrete slab. Footings for the 
building would be founded at least 18 inches below 
the lowest adjacent grade to be sure they bear on 
material compacted to 90 percent. 
This is not a regular subgrade treatment method, 
and it would require approval by the Federal Housing 
Authority. 
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HARDING, MILLER, LAWSON & ASSOCIATES 
· 2. Treat the soils with some admixture such as lime 
to control swelling. Laboratory tests would be 
needed to determine what admixture is most effec-
tive. 
3. Replace the upper 12 to 18 inches of soil with 
aggregate base rock or rock of equivalent quality. 
Slab floors should be underlain by an impervious membrane and 
at least four inches of free-draining crushed rock to provide a 
capillary moisture break. The rock should conform to the following 
or a similar available gradation: 
Sieve Size Percent Passing 
3/4 inch 100 
No. 4 0 - 10 
No. 200 0 - 3 
Prior to pouring of driveway slabs, the subgrade soil should be 
prepared in the same manner as the floor slab subgrades. 
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pipe.,. furnishing and .placing drain rock, furnishing and install-
ing discharge lines as ~hown on the. plans or as directed by the 
soil engineer and in '~c(;~tnfdance wi-ith these specifications. 
3.2 Drain Rock - Drain rock used for subdrains and drain 
blankets shall be free from organic material. It shall con-
sist of hard, durable, free-draining crushed rock or gravel 
conforming to the following gradation: 
Sieve Size 
3/4 inch 
No. 4 
No. 200 
Percent Passing 
100 
0 - 10 
0 - 3 
3.3 Pipe - Pipe shall be perforated transite, corrugated 
met~l, or another approved type. The size and location of 
perforated pipes are indicated on the plans. 
3.4 Installation - Trenches for subdrains shall be excavated, 
the pipe installed, and the trench filled with drain rock 
according to the dimensions and details shown on the plans. 
Perforated pipe shall be placed with the perforations down. 
FILL PLACEMENT 
4.1 Fill Material - On-site soil can be used as compacted 
fill provided it is free from debris and organic material. 
Material larger than six inches in maximum dimension shall be 
permitted in the fill only below the top four feet. 
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I INTRODUt=TIOl'l 
This report presents the results of the soil investigation we 
· performed for the Kahaluu Colony Village Phase II, Heeia, Oahu, 
·Hawaii. 
The development, as shown on the Site Plan, Plate l, is nor'*east 
of, the :Ka}lekili Highway and is north and ea.st. of the Ahuirnanu COD4"Rer-
oial sit;e. vle have performed a soil investigation for the Ahuimanu 
commercial site and information from that work was used to supplement 
data obti.ii~ed during this investigation <sOllle underdrainage and depth 
. o~ soft· so,i.ls from the comraeroial sit~ work are also shown on Pl_ate. 1). 
The development will include approxima.tely 500 ~its with adja-
, .. 
· cent. access roads and parlting areae;. A concrete drain.aqe channel is 
to be built along the Rahekili Highway to replace the existing 
d%-ainage ditcll. Fed.er.al Housing ;,¥\uthority financing is planned for, 
the ,project. 
The si~ is a 50-acre parcel,cha~acterized by steep low hills 
. . ' . 
of volcani.c origin. The grading will i~olude placing and c;:ompacting 
about one mil~ion yards of fill ~~terial which will come from the 
adjaq~nt hills.. Cut slopes will generally range bet;.ween 40 and 60 · 
I feet in vertical he.i.ght; however, a larqe cut slope ~ong the east 
I 
I 
I 
I 
I 
edge of the site will be B.bout lo.o· f.eet high. Fills will be terraced 
and the slopes will be relatively lottl as a consequence. Plans call 
for all slopes. t.o be two horizontal to, one vertical with 10-foot · wide 
benches every 15 feet of elevation. 
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HARDING, MILLER, LAWSON & ASSOCIATES 
V SUMt4ARY OF CONCLUSIONS 
Based on the results of our investigatiOn, our principa~ 
conclusions are as follo-v1s: 
1. Difficult excavation is not antieipated. iirlost 
excavated material will be suitable for compacted 
fill; howevea;, it will be difficult or intpossible 
to achieve the required compaction in wet weather. 
2. Cut and fill slopes, as planned, will have a 
minimum factor of safety (;lgainst overall failure 
of 1 .. 5. Slopes should be planted to tninlmize 
erosion .. Nevertheless, some sloughing and erosion. 
should be anticipated. ~ie concur with the previ-
sions shown on the plans for future slope mainten-
ance. 
3. Buildings can be supported on spread foundations. 
Postoonstruction settlement of buildings due to 
structural and fill loads will be less than one 
inch. 
4. The silty soils are moderately expansive. There-
. fore, special treatment of tlle floor slab and 
driveway subgrades may be: required, depending 
upon- the quality of surface soils at final grades. 
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s. §.~EJi!eS, 
Slopes should be no steeper than the planned two horizont!'-1 
to one vertical. Using the most adverse oo"ditions anticipated, we 
have calculated a factor of safety of 1.5 for the planned high aut 
slope along the east edge of the sit.&. (A discussion of the stability 
analysis on this slope is presented in Appendix C.) Based on this 
analysis and the strengths of samples obtained from borings in othe.r. 
areas, we conclude that the lower slopes have factors of safety of 
'1. 5 or greater. 
Since grading plans hav~ been modified subsequent to the 
field exploration, borings are not located ·'directly over all planned 
·cut slopes. We recomntend that the contrac-tor grade in such a way 
that the soil conditions in the slope areas can be verified by the 
soil engineer as the slope is steepened. Gradinq in this manner will 
allow flattening of the slopes in localized areas if necessary. 
Since the silty soils shrink and c::rack as they dry, the 
·slope surfa~es are susceptible to erosion. 1rhe benches in the slope 
should be provided with intercept()r ditches sloped to drain to suit.,.. 
able collection points. In addition, we recommend that slopes be 
planted to retard erosion. A locally proven mathoc:i of slope planting" 
is by .,hydro-mulching. " By this process, grass seed is sprayed. onto 
the slope in a fibrous mulch and the· resulting 'growth is rapide: Even 
if the slopes are planted, some .~loughing and erosion should still 
be anticipated. As shown on the plans, access will be provided along 
benches and at the base of slopes to facilitate maintenance. 
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HARDING, MILLER, LAWSON 8c ASSOCIATES 
B. Foundation SuPJl!rt 
Buildings can be supported on spread footings bottomed in 
the natural silty soils or properly compacted fill. We recommend 
the following desiqn bearing pressur~s: 
Dead Loads 
To~al Design Loads, 
including wind and 
seism!o forces 
2000·psf 
3500 psf 
Footings should be at least 12 inches wide and should be bottomed 
at least 12 inches below lowest adjacent grade. If foundation soils 
are determined to be expansive, the footings should be deepened to a:t 
least.l8 inehes. 
C~ Lateral. Pressures 
Resistance to lateral loads can be obtained from friction 
between the bottom of footings and the soil. equal to 0. 3 ··of the 
vertical dead load. Additional resistance to lateral loads may be, 
obtained from a passive pressure of 1000 psf on the vertical face 
of foundations. Y.Jbere soil adjacent to the footings is not confined 
by floor sl.abs or pavements, resistance in the top one foot should 
be neglected. 
For design of the concrete drainage channel walls, an equivalent 
fluid pressure of 60 pcf should .. be used. Full drain blankets should 
be provided along the sides and bf!neath the bottom of the channel. 
Weep holes should be provided in the sides at 10-foot intervals. A 
typical section of the channel showing recommended drainage is pre-
.sent.ed on . Plate 2 • 
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D.. .§ettlement 
Settlement in building areas will occur due to the weight of 
net'i fill and structural loads over the natural silty soils. This 
settlement. will occur. rapidly and, for the depths of fill planned, 
postconsb:uction settlement should be less than one inch. ~1ithln 
any one building area this settlement is expected to be relatively 
.Wlifarm. 
selected non-expansive fill materials obta.ined from the deeper.·' 
I wt areas can be used in the upper portionS< of the fills under the . : ·•· 
I 
buildings and driveways. This procedure would avoid the problem of 
eXpallSive subgrade soils. If placement of e~ansive soils beneath · 
I ·the bUildings and driveways cannot .. t>a avoided, spacial preparatiqn 
of the floor slab and driveway subqrades ~7111 be required to control. 
I t.he m-uell!ng. ftle recommend three. possible methods to control swelling, 
I 
I 
I 
I 
I 
I 
I 
I 
if it is ne(lessary. 
1. ··Place the upper .12 in~~s of fill very wet (about· 
40 - 45 percent) and compact as muCh as possible 
(compaction ~lill prob~ly . be between 85 and 90 
percent) • At this combination of moisture and 
densi t:y, swel.lincz should. be controlled t:o an 
acceptable amount. (less than about two percent) 
and the fill would stillprovide satisfactory 
support for the concrete slab. Footings for the 
building would be founded. at least lS inches belov1 
the lowest adjacent grade to· be sure they bear on 
material compacted to 90 percent~ 
This is not a regular subyrade treatment methOd, 
and it would require approval by the Federal Mousing 
Authority. 
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2. Treat the soils wi~h" some adnJ*ture such as lime 
to control swelling.. La.borat~ry tests would be 
needed to determine what adlniXtUre is C'.OSt effec-
. tive~ · · · 
3. · Replace the upper 12 to 18 inches of soil with 
aggregate base rock or rock of equivalent quality. 
Slab floors .should be underlain by an iiupervious menlbrane and 
,at least four inches of free""draining crilsh~S~d rock to provide . a 
capillary moisture break. 'I'he rock should conform to the following 
.or a similar available.gradation: 
3/4 inch 
No. 200 
~erc~~t Pas~i,!'lJI 
100 
0 - 10 
0 - 3 
Prior to pouring of dri ve.way slabs, the subqrade soil· should be 
prepared· in the same manner as the floor slab subqrad.es. 
11 
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pipe, furnishing and:P.:~~~l:lil9' diif.al:nf'•rock, furnishing and install-:··,~;·\ .. · .. -~tf:f'. · :.-~:·;t l·· -~~:·-e~~:~~~ ... P:.:_·.: 
!"''~! 1 ' 
ing discharge lines as 
~~~:~~'{ lans or as directed by the 
soil engineer and in i~•'a: 
:i'~f th.43se spec if !cations • 
3. 2 Drain Rock - Dra.in?rook used .. :::: for subdrains and drain . 
~---- • ' • • !;.;:.-I " 
blankets shall be free ,\;·#·t-om, 0~9~~!~ reaterial. It shall con-
·~~t_}:- _·. i ' : . ·:~?~}.~·? 
sist of hard, durable,,:' ~ree-drain':frl,q crushed rock or gravel 
. ·:: :·::;~.·4~{;~ ~ .1 ;~{~/~~1·;; ~ 
conforming to the following gradation: 
. Sieve Size 
3/4 inch 
No. 4 
No. 200 
f,er,gen.t_..?,~slp.5[ 
100 
0 10 
0 - 3 
3 .. 3 PiJ2!. - Pipe shall be ~rforated trans! te, corrugated 
metal, or another approved type. The size and location of 
perforated pipes are indicated on the plans. 
3,.4 Installation - Trenches for subdrains shall be excavated,. 
the pipe installed, and the trench filled with drain rock 
according to the dimensions and details shown·on the plans. 
Perforated pipe shall be placed with the perforations down. 
4.0 FILL PLACE~NT 
4.1 Fill Mat.erial ~ ·. on,.-si.te soil can be used. as compacted 
- fill. provided it is free fr,om 4ebris and orqanie lt'aterial .. 
Material larger than six inches in maxin~wn dimension shall be 
permitted in the fill only below the top four feet. 
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